Abstract. We make a new proposal to describe the very low temperature susceptibility of the doped Haldane gap compound Y2BaNi1−xZnxO5. We propose a new mean field model relevant for this compound. The ground state of this mean field model is unconventional because antiferromagnetism coexists with random dimers. We present new susceptibility experiments at very low temperature. We obtain a CurieWeiss susceptibility χ(T ) ∼ C/(Θ + T ) as expected for antiferromagnetic correlations but we do not obtain a direct signature of antiferromagnetic long range order. We explain how to obtain the "impurity" susceptibility χimp(T ) by subtracting the Haldane gap contribution to the total susceptibility. In the temperature range [1 K, 300 K] the experimental data are well fitted by T χimp(T ) = Cimp (1 + Timp/T ) −γ . In the temperature range [100 mK, 1 K] the experimental data are well fitted by T χimp(T ) = A ln (T /Tc), where Tc increases with x. This fit suggests the existence of a finite Néel temperature which is however too small to be probed directly in our experiments. We also obtain a maximum in the temperature dependence of the ac-susceptibility χ (T ) which suggests the existence of antiferromagnetic correlations at very low temperature.
Introduction
Disordered low dimensional spin systems are currently the focus of both experimental and theoretical interest. A very powerful theoretical technique used to describe these systems consists in iterating a real space renormalization group (RG) in which high energy degrees of freedom are progressively frozen out. The cluster RG was initially proposed by Dasgupta an Ma in the early 80's [1] and applied soon after by Bhatt and Lee to a three dimensional (3D) model intended to describe Si:P [2] . In a series of articles, Fisher applied the cluster RG to disordered 1D antiferromagnets, including the random Ising chain in a transverse magnetic field and the random antiferromagnetic spin-1/2 chain [3] . In these models, the cluster RG is so powerful that it allows to obtain exact results regarding two aspects of the problem: (i) the correlation functions associated with the approach of a random singlet fixed point; and (ii) the approach of a quantum critical point. It is fair to say that there exists now a detailed theoretical understanding of all random spin models in one dimension [4] [5] [6] [7] , and even in higher dimensions [8] . Some moda e-mail: melin@polycnrs-gre.fr b UPR 5001 du CNRS, Laboratoire conventionné avec l'Université Joseph Fourier els do not have a quantum critical point [3, 7] while other models have a zero temperature phase transition which is controlled by the strength of disorder [3] [4] [5] [6] . In particular, weak disorder is irrelevant in the random spin-1 chain but there is a quantum critical point at a critical disorder d c . For d > d c , the random spin-1 chain behaves like a random singlet [5, 6] , namely, the strength of disorder increases indefinitely as the temperature is scaled down, which is known as an "infinite randomness" behavior [8] .
On the experimental side, it has become possible to fabricate low dimensional oxides in the last five years, and dope them in a well controlled fashion. As a consequence, these systems give the unique opportunity of exploring the introduction of disorder in a spin gap state. It would be erroneous however to think that there exists a straightforward relation between these experiments on quasi one dimensional oxides and the 1D models that have been widely studied by theoreticians in which the disorder is introduced in the form of random bonds. In fact, the 1D models with random bonds are not directly applicable to experiments. The reason is that the relevant models should incorporate the following realistic constraints:
(i) Doping in quasi one dimensional oxides is introduced by substitutions, and not in the form of random The problem is then to determine to what extent realistic models incorporating these three constraints still behave like the original 1D random bond models. One of the recently discovered low dimensional oxides is CuGeO 3 [9] which has a spin-Peierls transition at T SP 14 K below which the CuO 2 chains dimerize with the appearance of a gap in the spin excitation spectrum. Soon after the discovery experimentalists began to study the effects of various substitutions on this inorganic compound. For instance, it is possible to substitute a small fraction of the Cu sites (being a spin-1/2 ion) by Ni (being a spin-1 ion) [10] or Co (being a spin-3/2 ion) [11] . It is possible to substitute Cu by the non magnetic ions Zn [12] [13] [14] , we do not find antiferromagnetic long range order down to 100 mK. But from the analysis of the experimental ac-and dc-susceptibility we deduce the existence of 3D antiferromagnetic correlations which rule out the "1D quantum criticality" scenario represented in Figure 1a .
There have been several attempts to find a theoretical description of doped spin-Peierls systems. Fukuyama, et al. have made the first proposal [25] . Another route has been followed by Fabrizio, et al.. In a series of article [26] [27] [28] , these authors have provided a detailed scenario for disordered antiferromagnetism. Appealing aspects of their approach is that the doped spin-Peierls and the doped Haldane gap systems can be described in the same framework [28] , and the model appears to be fully compatible with experiments. The relevant physics is determined by comparing two energy scales:
(i) The coherence temperature T * = ∆ exp [−1/(xξ)] which controls the formation of singlet correlations.
(ii) The Stoner temperature T Stoner = J ⊥ xξ which controls the formation of 3D antiferromagnetic correlations.
In these expressions, x is the doping concentration, ∆ is the spin gap, ξ is the correlation length of the pure gaped system, and J ⊥ is the interchain coupling. The specificity of Refs. [26, 28] ). As a consequence in Y 2 BaNi 1−x Zn x O 5 , 3D antiferromagnetic correlations coexist with non magnetic random dimer correlations (see Fig. 1b ). Based on the calculation of the exchange coupling two spin-1/2 moments associated to the same impurity presented in reference [29] , we propose a mean field model relevant for Y 2 BaNi 1−x Zn x O 5 . From this mean field model we can obtain new insights in the nature of the low temperature phase, and compare the model to very low temperature susceptibility experiments.
The article is organized as follows. The model is presented in Section 2. Section 3 is devoted to calculate the susceptibility and discuss the nature of the low
